The study assessed the effect of Chinese herbs of Shenghe Powder (SHP) on the repair capacity of gamma-radiation-induced DNA damage in rat glioma cells (C6) compared with normal human astrocytes (NHA). C6 and NHA Cells treated with SHP and irradiated with 2Gy of gamma radiation. Cells growth inhibition were analysed by MTT assay, DNA damage and repair were evaluated using phosphorylated histone H2AX (γH2AX) at the appointed time.
Introduction
High-grade glioma is common in primary malignant brain tumor, standard therapy consists of surgical resection followed by radiotherapy, despite the use of conventional therapeutic modalities, the prognosis in patients is very poor (Fogh et al., 2010; Arslan et al., 2006) . Attempts to improve outcome by increasing the local radiation dose have in general been unsuccessful because of necrosis in the surrounding brain, which becomes dose limiting before significant improved local tumor control is achieved. On conventional radiation dose, the development of resistance of glioma to radiation is a major problem during the treatment of tumors (Clarke et al., 2009; Stupp et al., 2007) . Obviously, a more effective approach would be to develop agents that selectively sensitize these glioma cells to radiation. Studies approved DNA damage and repair capability related to radiation-induced cytotoxicity and radiosensitivity (Manti and D'Arco, 2010) . In this study, we examined DNA damage responses and repair in rat glioma cell lines (C6) and normal human astrocytes (NHA) treated with Shenghe powder (SHP) and radiation, and attempted to demonstrate its mechanism.
Immunofluorescent Analysis for γH2AX
An approach similar to method of Camphausen et al. (2004) was adopted. C6 and NHA cells were cultured on coverslips placed in 35-mm dishes. Fractional cells were exposed to 1 mg/l SHP for 24 hr at 37°C, after which time the cells were rapidly washed three times with PBS and the cells incubated in fresh medium for 30 min to allow time for phosphorylation of histone H2AX. Other cells were were exposed to 1 mg/l SHP for 2 hr at 37°C and then irradiated with 0, 1, or 2 Gy and incubated for a further 30 min. The medium was removed, and the cells were washed with PBS and then held in methanol/PBS (50:50 v/v) at room temperature for 10 min before fixing them in methanol at -30°C for 30 min. After removal of the methanol, the cells were held in PBS at room temperature for 5 min and then blocked with 5% milk powder in PBS for 30 min. The cells were then stained with antiphospho-histone H2AX antibodies for 1.5 hr at room temperature in the dark. After removal of the primary antibody, the cells were washed with PBS, followed by 0.1% Tween 20 in PBS and three more times with PBS, and then incubated with Alexa Fluor 488-labeled goat anti-mouse IgG antibody (Molecular Probes, Eugene, OR) at room temperature in the dark for 45 min. The cells were again washed with PBS, followed by 0.1% Tween 20 in PBS and three more times with PBS and rinsed with water. The coverslips were mounted on microscope slides with 4µl mounting solution (1mg/ml p-phenylenediamine, 3µg/ml 4',6-diamidino-2-phenylindole [DAPI], 90% glycerol in PBS) and stored at 4°C in the dark. Fluorescent foci were imaged with a Zeiss LSM510 Laser Scanning Confocal microscope (Carl Zeiss, Jena, Germany) mounted on a Zeiss Axiovert 100M microscope. Images were captured by a Photometrics Sensys CCD camera (Roper Scientific) and imported into IP Labs image analysis software package (Scanalytics, Inc.). For each treatment condition, γH2AX foci were determined in at least 300 cells.
Western Blot Assay
Lysates were generated by placing these cells in RIPA lysis buffer (for Suvivin) or Chaps Lysis buffer (for DNA-PK).
Western blotting assays were performed to determine total protein concentrations, which were normalized to 1 µg/µl for all samples. Samples were then prepared in sample buffer and heated to 95°C for 5 min. Protein lysates (15 ml) in sample buffer from each tissue were loaded within each well. Gels were run at constant current (40 mA) for 3-4 hr for maximum separation. Wet transfer was performed for 4 hr at constant voltage (40 V) using polyvinylidene difluoride membrane presoaked in methanol. The membrane was blocked in 5% milk in 0.2% tetrabutyl antimony (TBST). The membrane was then washed in 0.2% TBST×3 for 15 min each. The membranes were then incubated overnight with primary antibodies directed at survivin and DNA-PK. Subsequently, the membranes were washed in 0.2% TBST×3 for 15 min each. The membrane was then incubated with secondary antibody for 45 min. Chemiluminescent (Bio-Rad, Hercules, CA, USA) detection was then used to detect expression of survivin, DNA-PK, respectively. For each gel, positive and negative controls were loaded for survivin or DNA-PK, respectively. Actin levels served as internal loading controls.
Measurement of Apoptosis

Annexin-V Staining
Phosphotidylserine exposure on the outer layer of the cell membrane was measured using the binding of annexin V-fluorescein isothiocyanate (FITC). Cells were harvested and washed with cold PBS, incubated for 15 min with annexin V-FITC and propidium iodide and analyzed by flow cytometry (Becton Dickinson, Franklin Lakes, NJ, USA).
Flow Cytometric Analysis
Cells were grown in 6-well plates and were treated as indicated. Then, attached and floating cells were pooled, pelleted by centrifugation, washed in PBS, and fixed with cold 70% ethanol containing 0.5% Tween 20 at 4°C overnight. Cells were washed and resuspended in 1.0 ml of propidium iodide solution containing 100 lg of RNase A/ml and 50µg propidium iodide/ml and incubated for 30 min at 37°C. Apoptotic cells were assayed using FACSort Becton Dickinson Flow
Cytometer at 488 nm and data were analyzed with CELLQuest Software. Cells with sub-G1 propidium iodide incorporation were considered as apoptotic. The percentage of apoptotic cells was calculated as the ratio of events on sub-G1 to events from the whole population.
Statistical Analysis
Data are presented as mean (±SD, or SE). Mean values were compared by the Student's t test. The threshold of statistical significance was set at P < 0.05. Statistical analyses were performed using SPSS 17.0 package (SPSS, Chicago, IL, USA).
Results
Proliferation Assay
C6 and NHA cells were treated with SHP at a 1mg/l, 24 hrs before single-dose irradiation (0, 1 or 2Gy).The MTT assay was used to determine the effect of SHP on C6 and NHA cell survival and proliferation at 0, 2, 4, and 6 days after cell irradiation. As figure 1 showed, both cell lines when irradiated, but not treated with SHP, showed a time-dependent decrease in cell survival and proliferation compared with cells that received no radiation (P<0.005), the C6 cell line seemed more radioresistant than the NHA cell line. NHA cell lines treated with SHP and radiation showed a time-dependent decrease in cell proliferation before 2 day, which gradually presented radio-resistance compared with cells that received radiation alone after 2 day (P < 0.005)( Figure 1A ). Figure 1 displayed the largest decline in cell survival which occurred between 2 and 4 days after radiation. Both cell lines treated with SHP did result in an opposite results. C6 proliferation and cell viability decreased significantly after SHP, the greatest decrease in cell survival and proliferation occurred in the fourth day (P < 0.001). In contrast, NHA treated with SHP reversed the shape of the time-dependent decrease curve and upgraded the curve.
It shows that SHP may inhibit the repair of DNA damage in C6 and enhance the repair of DNA damage in NHA.
H2AX Phosphorylation in Glioma and Normal Astrocytes Cells
Immunofluorescence was used to visualize and quantify phosphorylated H2AX foci in C6 and NHA cells at various times after irradiation in vitro. These foci are thought to represent sites of DNA double-strand breaks (DSBs) where chromatin structural change is occurring. H2AX phosphorylation is recognized to be an early event in break repair and has a role in subsequent recruitment of repair proteins. Foci resolution is thought to occur following DSBs repair, and persistent We used the assay in the C6 and NHA cells examined at 0.5, 4, 8, and 24 hr after irradiation, when resolution of foci was occurring. These data are expressed as foci resolution with time; a representation of DSBs repair kinetics is shown in Figure 2 . Clearly much higher amounts of γH2AX foci were observed in NHA control group and C6 treated group. All cells tested showed radiation dose-dependent increase in residual γH2AX foci reflecting unrepaired DNA double-strand breaks. (Table 1) . Treatment of SHP combined radiation induced an increase in the sub-G0/G1 peak in C6 and NHA (P<0.01), an indicator of apoptosis cells, which caused a significant increase in the percentage of C6 cells in G0/G1-phase and a modest increase in cells in S phase. By comparison, the cell cycle distribution of the NHA cells appeared to be little affected by SHP combined radiation treatment. Apoptosis rate in C6 is significantly higher than that in NHA (P<0.01). Survivin is expressed in the G2/M phase of the cell cycle in a cycle-regulated manner, however, it looks like the decrease and increase in survivin levels in NHA and C6 cells respectively fall short of transformation through the cell cycle. Perhaps SHP presents more complicated mechanism and causes the change of cell cycle . closely associated with DNA double-strand break repair mechanisms, we studied the radiation response of C6 and NHA lines in vitro, using γH2AX expression as a marker of DNA double-strand breaks. Of the various techniques currently available to assay double-strand breaks, we chose an immunofluorescence approach involving quantification of
